Abstract. In practice, primary and secondary sludge are fed into anaerobic digestion. However, the microbial cell exists in secondary sludge are an unfavorable substrate for biodegradation. Thermal pretreatment is proved to increase the bioavailability of organic and improve the biodegradation subsequently. During low thermal pretreatment, both intracellular (within the microbial cell) and extracellular (within the polymeric network) materials were extracted. This process increases the bioavailability meaning that organic compounds are accessible to the microorganisms for their degradation. This research aims to investigate the effect of thermal pretreatment on domestic mixed sludge disintegration. Domestic mixed sludge was thermally treated at 70 0 C for various holding times. The pre-thermally treated domestic mixed sludge was measured for protein and carbohydrates following the Lowry Method, and Phenol-Sulphuric Acid Method respectively. DR 6000 UV-Vis spectrophotometer, DRB200 Reactor (digester) and COD vial (TNT plus 822) were used for COD determination, based on Reactor Digestion Method approved by USEPA. The results showed that the organic matter in domestic mixed sludge is efficiently solubilised during thermal treatment organic matter. The higher soluble yield for each monitored parameter determined in this study indicated that low thermal pretreatment improve bioavailability.
Introduction
Sewage was treated using anaerobic digestion widely [1] . About 55% to 70 % methane rich biogas will be produced during the anaerobic digestion of sewage sludge, due to the presence of easily biodegradable organic in sewage sludge [2] . Typically, methane production potential from sewage sludge is approximately 300-400 m 3 / VS added [3] . The pretreatment or sludge disintegration can be used to accelerate the solubilization of particulate organic matter in sewage. During pre-treatment, both intracellular (within the microbial cell) and extracellular (within the polymeric network) materials were extracted, increased the bioavailability subsequently. In comparison with other methods of pre-treatment, thermal pre-treatment has been considered to be a more promising technique due to less energy consumption and no chemical addition. More recently, the low and mild thermal pretreatment, has been gaining more attention because of similar efficiency compared with the conventional thermal pretreatment, which operated at high temperature [4 -9] . The low and mild thermal pretreatment is operated at temperature less than a Corresponding author : roslinda@uthm.edu.my 7KLV LV DQ 2SHQ $FFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WHUPV RI WKH &UHDWLYH &RPPRQV $WWULEXWLRQ /LFHQVH ZKLFK SHUPLWV XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RULJLQDO ZRUN LV SURSHUO\ FLWHG 0 C [6] . The low thermal pretreatment (70 0 C) showed positive effects on bioavailability of organic matter from municipal sewage sludge [10, 11] . This paper seeks to evaluate the effect of the low thermal treatment of domestic sewage sludge disintegration. The influence of treatment time and treatment temperature is determined through variation of both parameters. In addition, the types of organic matters that are solubilized during the low thermal pretreatment are also discussed.
Material and Methods

Sludge sampling
For the experiments, sludge samples were taken from the full scale sewage treatment plant (STP) in Malaysia. The conventional wastewater treatment used in this plant consists of preliminary, primary treatment and secondary treatment. Activated sludge is a process applied in the secondary treatment. The sample is a mixture of primary and secondary sludge. The sludge was stored at 4 0 C in the laboratory until use.
Low temperature (700C) pre-treatment
The low temperature pretreatment was carried out at 70 0 C in order to enhance thermal solubilization of particulate material. The effect of thermal pretreatments depends both on treatment temperature and time. Therefore, in this work the effect of pretreatment time were evaluated by identifying the samples characteristics at different pretreatment times (20 min, 40 min and 60 min) in order to study the combined effect. Two (2) numbers of 0.5 L duran bottles, each containing 0.2 L of domestic mixed sludge were submerged in a thermostatic bath at 70 0 C during 20 min, 40 min, and 60 min. The duran bottles were covered with household aluminium foil, to avoid evaporation. Firstly, the thermostatic water bath was heated at the desired temperature, and the duran bottles were immersed in the water bath only when the temperature has reached the desired temperature. The thermal treatment duration was defined as the elapsed time between the moment at which the sample was immersed in the thermostatic water bath and the moment at which the sample was removed from the thermostatic water bath. After treatment, the sample was placed on the table and cooled passively to room temperature and stored at 4 0 C until use.
Analytical method
The following components were analyzed before and after thermal treatment on both the sludge and the supernatant to identify total and soluble fractions: COD, carbohydrate, and protein. The supernatant samples were obtained after centrifugation at 10,000 rpm for 10 min and subsequent filtration through 0.45 μm cellulose acetate filter [12] .The analysis performed on the supernatant will be called 'soluble', and the analysis on the sludge will be called 'total'. DR 6000 UV-Vis spectrophotometer, DRB200 Reactor (digester) and COD vial (TNT plus 822) were used for total and soluble COD determination, based on Reactor Digestion Method which was approved by USEPA. The protein and carbohydrate determination were conducted according to the Lowry Method [13] and Phenol-Sulphuric Acid Method [14] respectively. Bovine Serum Albumin (BSA) and glucose stock solutions were used as the protein and carbohydrate standards respectively. According to [10] the degree of solubilisation (%) of the organic components is calculated by the following equation:
( ) sC treated sC untreated degree of solubilisation % tC untreated
where: sC treated = soluble concentration treated, sC untreated = soluble concentration untreated, and tC untreated = total concentration untreated.
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Results and Discussion
Effects of thermal treatment on the sludge solubilisation
Thermal treatment on the domestic mixed sludge was performed at 70 0 C for three different treatment durations. An overview of the results is shown in Table 1 . From the table, it is clear that a thermal treatment (70 0 C) effectively releases the studied components (COD, protein, and carbohydrate) to the water phase, as the degree of solubilisation (%) is higher at any treatment time. This means that the bioavailability of low thermally treated domestic mixed sludge is improved consequently. This finding is similar with the result obtained by [15] , indicating that the sludge disintegration improves COD bioavailability. However, in this study the ultrasonic (low frequency of 31 kHz) was used for sludge disintegration and the municipal sewage sludge was studied instead of domestic sewage sludge. Table 1 . Concentration and degradation of the organic components of the untreated (raw) and pre-thermally treated domestic mixed sludge. Table 2 shows the ratio of SCOD/TCOD of untreated domestic mixed sludge and pre-thermally treated domestic mixed sludge at 70 0 C. The value for ratio of SCOD/TCOD is higher at each treatment time. However, that treatment time of 20 min increased the ratio of SCOD/TCOD to almost 3 times higher than the SCOD/TCOD value of untreated domestic mixed sludge. It seems that 20 min treatment time is able to release the particulate COD into the water phase.
Organic matter solubilisation
Treatment time at 40 min shows the biggest solubilisation, and no significant solubilisation increment observed at treatment time of 60 min. There is a significant difference of COD solubilisation at 70 0 C of 60 min for both pre-thermally treated domestic sewage sludge and municipal sewage sludge. As for pre-thermally treated municipal sewage sludge, the COD solubilisation at 60 min is almost 3 times higher than the untreated sample [10] . On the contrary, the degree of solubilisation (in term of COD at 70 0 C of 60 min) for pre-thermally treated domestic sludge is four times higher than pre-thermally treated municipal sewage sludge (1.36 %). This showed that that the low thermal pretreatment have a great potential for improving the bioavailability of domestic mixed sludge. Table 2 . The changes of SCOD/TCOD ratio at different treatment time (700C).
Carbohydrate and protein solubilisation
Carbohydrates and proteins were solubilised due to thermal treatment at 70 0 C. It was observed that the carbohydrate soluble and protein soluble concentration increased gradually with treatment time, indicating that more and more particulate organic matters in domestic mixed sludge become the soluble ones with the increase of treatment time. The soluble protein and carbohydrate is almost similar at treatment time 40 min. While, at treatment time of 20 min and 60 min the carbohydrate is soluble more than protein. There are no significant changes of solubilisation (%) for protein at 40 min and 60 min treatment time. On the other hand, the higher solubilisation (%) observed for carbohydrate at higher treatment time. Referring to Table 1 , the degree of solubilisation of carbohydrate is always higher compared to protein at any treatment time. This showed that carbohydrate in domestic mixed sludge was more soluble than protein when it was treated at 70 0 C. This result contradicted with the findings from thermal pretreatment at 70 0 C for municipal sewage sludge as observed by [10] , where carbohydrate was less soluble. The carbohydrate was also less soluble from the municipal sewage sludge with low organic content (VS/TS = 40%) after undergoing pretreatment at 70 0 C [6] . The percentage solubilisation (%) observed from this study (domestic sewage sludge) for both carbohydrate and protein are higher than what was observed when municipal sewage sludge was used as shown by [10] . At the applied temperatures, a reaction of soluble carbohydrates with themselves or soluble proteins (forming e.g. Amadori compounds or melanoidins) was not expected in this study since the applied temperature is low. This hypothesis was confirmed visually because the sludge supernatant remained transparent and did not turn brown to a large extent after treatment.
Conclusion
The present paper studied the application of low temperature thermal treatment (70 0 C) for domestic mixed sewage sludge disintegration. It was seen that organic compounds are efficiently solubilised during thermal treatment as indicated that higher organic release ina longer treatment time.This proved that sludge disintegration is able to improve the bioavailability of organic matter. This would promote the use of thermal pretreatment to enhance the anaerobic digestion of domestic mixed sewage sludge especially for efficient methane recovery. Future research will focus on the methane production from the pre-thermally treated domestic mixed sludge at various low temperature (< 100 0 C). 
